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Description 

This invention relates to a percutaneous im- 
pisnt. comprising a sutxnjtanaous part and a per- 
cutaneous part Such a percutaneous implant is 
described In European Patent Application 0 104 
sao. 

A percutaneous implant may be defined m an 
artide which permanently extends through the skin 
via a surgically created opening. By means d the 
penetration through the skin a connection is estate 
fished t)e1ween the Intedor and the exterior of the 
l)ody. 

Percutaneous implants are often used, inter alia 
for transmission of energy (e.g. tor an artificial 
heart) or InformaHon; connection of a hemodialyzer 
to the vascular system (iddney and peritoneal dia- 
tysis); for artificial feeding outside the esophagus; 
Intrahepatic chemotherapy; the sUmulafion of mus- 
cles or parts of central nervous system; attachment 
of hearing aids; attachment of fimba. 

Up to now the results of dinloal experiments 
with percutaneous Implants that must be able to 
function for a longer period erf time have not been 
very promising. The experiments mostly friled after 
a period of approxtmateiy three months, inier afia 
owing to Infection oi marsupiaSzatlon of the Im- 
plants. Infection may be caused tsy influx of bee* 
larla. debris, etc, along the implant into the fissuee. 
I^arsupiatization may be caused by migration of 
fte epidermis along the implant, resulting in a total 
epidermal encapsulation of the Implant. 

This invention Is based on the Insight that the 
clinical success of percutaneous Implants depends 
on the formation of a stable attachment of the sMn 
to the Implant surface and that reduction of the 
relafiva movement between implant and skin In- 
creases the chance of a successful percutaneous 
implant 

It is known that such a redudkm of the mov- 
abSity of the skin can be okrtained by: 

1) stably anchoring percutaneous Implants In 

bone, or 

2) implanting percutaneous knplants In areas In 
whk:h the skin is rather dose to the tx>ne sur- 
face. 

However, not al of the percutaneous tmptants 
can be statMiized by means of boney tissue. 

It is therefore an ot>ject of the present inventkm 
to provide a percutaneous implant capable of func^ 
tioning in soft tissues for a longer pertod of time, 
also if no boney tissue is present to stal>ilize the 
percutaneous implant. 

It is a particular object of the invention to 
provide a percutaneous Implant which provides a 
finn base in the soft tissue that stabiizes the Inter- 
face between the tissue and the implant, while at 
the same time is elastic so as H) permit a move- 



ment of the soft tissue. Therelo, in a percutaneous 
Implant according to the invention, the sutxxitane- 
ous part comprises a part consisting of an elastic 
fftM'e mesh sheet It Is an knportant advantage of 

6 the percutaneous implant according to this inven- 
tfon that connective tissue ingrowth and vessel 
Ingrowth may taice place in the pores of the mesh 
sheet. This combination of corniediva tissue and 
fibre mesh sheet Is so stable that the relative 

ro movement between implant and skin Is reduced 'SO 
that ingmwth of epithelium ak>ng the percutaneous 
part of the implant is avolded.On fhe otiier hand, 
the fibre mesh sheet is elastic so as to permit a 
movement of the skin. Preferably, the fibre mesh 

fs sheet is made of sintared metallic fibre. The unk)ue 
property of the metalUc fibre mesh sheet Is the 
combination of the properties off metal with fiie 
properties of fibre products, resulting in that a 
mestt sheet made of metaific fibre is fimn and 

20 porous at the same tin>e, wfille penmitling bending 
of the sheet to allow lor movement of ttie sMn. 
Preferably, the porosity of the fibre structure Is 
chosen between 70 and 80 %. 

Materials suitable for use as a metaiic fibre In 

2S 8 mesh sheet according to the invention are: 

- 316 stainless steel 

, - Inoonel 901 (trademark of Inco) 

- Hastaltoy X (trademark of Cabot USA) 

- Carpenter 20 CB 3 (trademark of Carpenters 
so Technologies USA) 

- Nk;hrome 60-20 

> Fecralloy (trademark of UKAEA) 

- Titanium 

preference being given to titanium because of ttie 

35 excellent properties of this metal (see D.F. Wil- 
liams. Biocompatitiility of Clinical Implant Materials, 
Vol. 1. CRC Press Inc., Boca Raton, fr44. 1981). 
The fact is that titankim Is a very light metal having 
a melting point of approximately 1685 *C. The use 

40 of titanium as an implant material is known per se, 
inter alia for maxilkifadal, oral, oardtovasctilar, or- 
tfiopedk:. and neural surgery. The use of titanium 
as an implant material is based on its l)igh conro- 
ston resistance. This corroston resistance results 

46 from tfie presence of a very Inert and strongly 
passhfating layer on the metal surface. The me- 
chank^l properties of titanium may be improved by 
alioying. If desired; preferably, the metal employed 
Is an alloy of titanium with 6% aluminkim and 4% 

50 vanadium (Ti6AKV). 

According to ttie Inventfon It is posslt>le to 
aUow tissue ingrowtti in a fibre mesh sheet outskfe 
ttie patient's body. The tissue to grow in is prefer- 
ably boney tissue of the patient In question. When 

66 such a fibre mesh sheet provided with Ingrown 
tissue is used In ttie subcutaneous part of a per- 
cutaneous Implant, its firmness Is enhanced and 
the time required for a stable connection twtween 
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the soft tissue and the implartt is shortened 

tt is noted that European Patent Application 0 
178 650 describes a porous Ii9)cft))e metal fibre 
material for implantation to bone. The material ai- 
tows bone ingrowth for stabiization of repaired 
bone or recor^struction of defective bone. 

The invention will hereinbelow be explained 
with reference to the drawings, In which 

Fig. 1 is a diagrammatic top view of a subcuta- 
neous part of a percutaneous implant according 
to the inverttion; 

Rg. 2 is a diagrammatic aide view of a preferred 
embodiment of a percutaneous implant aooofd- 
ing to the Invention; 

Fig. 3A-0 is a dlagrammalic side view of a 
percutaneous implant according to the iiiven!ion» 
in successive stages of the fnnplantation: 
Fig. 4 is a diagrammatic side view of a per- 
cutaneous Implant according to the invention In 
a possible application. 

In Fig. 1 a subcutaneous part of a percuta- 
neous Implant according to the invention is gen- 
erally indicated by refereru:e numera} 1 . The 8ut>- 
cutaneous part 1 comprises a mesh sheet 2 of 
sintered metalic fibre. 

The fibre mesh sheet suocessfuly used was of 
a starKfard type developed for. among other things, 
the purposes of heat insiilation,sound at>8orption, 
bone implantation, and for gas burners. The fibre 
diameter is preteral>ly chosen between 2 and 25 
urn, while the dimensions of the mesh sheet are 
preferably chosen tsetween 12 and 15 cm. 

Centrally dtopoeed in the subcutaneous part 1 
Is a holding member 3 comprising a round hole 
provided with a screw thread 4. By means of this 
screw thread 4 a percutarTeous part can be firmly 
and stably anchored in the subcuteneous part 1. 
When a sulxutaneous part 1 is Implanted, the hole 
provided with the acrew thread 4 fai the subcutane- 
ous part 1 is closed by m&am of an auxiliary screw 
5 so as to avoid Ingrowth of tissue in this hole. 

Fig. 2 is a diagrarrunatic representation of a 
percutaneous Implant according to the ir>vention. 
with a percutaneous part 10 anchored to a subcuta- 
neous part 1 axlendlfig through tie sldn 20. The 
percutaneous part 10 comprises a n>assive or tubu- 
lar sfructure, preferatjly also manufactured from 6ie 
metal titanium or the alloy TiOAI4y. arKi is provided 
with a screw thread 1 4 corresponding to the screw 
thread 4 in the sulxutaneous part 2. If required, the 
percutaneous part 10 is provided with a hydrox- 
ylapetite layer, which is applied to the metal sur- 
face. e.g.. by means of a plasma spray process. 

For the percutaneous pari 10 the above metais 
are preierted in view of their good biologicai md 
physical properties. The materials ars regarded as 
biocompatible (see Biocompatibliity of Oinicat Im- 
plant Materials. Vol. 1 and 2, CRC Press Ina. Boca 



Raton. 1081). For these materials rt is also de- 
scribed that fiemidesmosomes may be formed In 
the interface between implant and skin (see J.A. 
Oansen. dissertation. KUN (University of rttmegen), 

6 1B84). Hemldesmosomes are regarded as specific 
cell structures which play a part In the adhesion of 
epithelium cefls to a surface or to the subjacent 
connective tissua The first requisite for a material 
suitable for a percutaneous implant Is thai the 

10 material can cause epithelium eels to form heml- 
desmosomes in Che place where the skin contacts 
tfie implant surface; the above materials satisfy this 
requirement 

A further important advantage of titanium and 

rs T16AI4V over numerous other implant materials is 
that the former materials render it possible to man- 
ufacture the percutaneous part 10 In various forms: 
the form of the percutaneous pari 10 in fact de- 
pends on the use of the Implant For connecting it 

so to, e.g., a diaiyzer a hollow structure will t>e neces- 
sary, YthOa a 8ut>stantially massive structurs wit] 
suffice for the transmission of energy or informa- 
ton. The good physical properties of the above 
materials guarantee sufficient firmness of the per- 

26 cutaneous Implant, Irrespective of the form in which 
it is used. The hydroxylapatlte coating to be ap* 
^pSed. if desired, may ensure ttiat the biological 
properties of the implant are further bnpfoved. 
whiie the physical properties are not affected. 

30 Rg. 3A shows that a first stage of the implanta- 
tion procedure con>prises applying the sut>cutane- 
ous part 1 of the implant The central hols in the 
holding nrvember 3 of the sut)CutBneous part 1 of 
the Implant is closed In this pimse by means of the 

96 auxiliary screw 5 so as to avoid ingrowth of tissue 
in this hole. 

Subsequently, the wound is closed by rneans 
of sutore 21 (Fig. 38). after which tissue ingrowth In 
the mesh sheet 2of 9ie subcutaneous part 1 may 

40 taka place. After 2 to 4 monttis tfie tissue Ingiowth 
has advanced to the extent that sufficient stabifty 
of tfie sut)Cutaneous part 1 in relation to the skin 20 
is obtained, while the skin remains 'soft** and mov- 
able because of the elastic properties of the fibre 

48 sheet mesh. 

In a second stage of the implantatfc>n proce- 
dure according to the invention (Ftg. 3C) a per- 
cutaneous passage 22 is created in tfie sidn above 
the central hole in tfie holcSng memt>er 3 of the 

90 subcutaneous part 1. The auxiliary screw 6 die- 
posed in the subcutaneous part 1 is removed and 
the percutaneous part 10 of the implant is fixed in 
the central hole in tfie holding member 3 of the 
subcutaneous part 1 by means of the screw thread 

96 4. Subsequently, the wound is closed by applying 
sutures on both sides of the percutaneous part 10 
(not sfiown), which percutaneous pari 10 extends 
through Ifie skin 20. During the healing process ttie 
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sidn 20 wilt adhere to tfw percutaneous part 10 in a 
manner comparable to the manner in which gums 
adtoie to a toolh. 

Percutanaous implanis according to the inven- 
tion are thus Implanted auccessfully* as wll l)e 
iihistratad by a few examples. 

Example 1 

Percutaneous Implants are plac«d in tfia back 
of experimentat miimals (rabbits). After sedation of 
the rabbits the back Is, on both sides of the spinal 
column, shorn, depilated, washed and disinfected 
with Iodine. 8ubse(|uentty. a longltucfinai incision ia 
made tfvough the sMn, paralM to the spina) col- 
umn. The incision m about 2-3 cm In length. Then 
a subcutaneous pocket is created by undermining 
the skin with a pair of scissors. The subcutarieous 
part of tie Implant, a titanwm fibre mesh sheet (in 
the order of 3-4 cm), is placed in this subct^neous 
pocket and the wound is closed with non-roeor- 
bable sutures. After three months the skin is In- 
cised again at)ove the sukKnitaneous component 
(Incision about 1 cm in length). A percutaneous 
part made of hydroxyl^>atite is placed on the 8ut>* 
cutaneous titanium fitw mesh sheet Rnaliy, the 
wound is closed by means of suturee. 

The operatk>n procedure is dtegrammsAicatty 
represented by Rg. 3. The percutaneous imr^lant 
remains in situ for 3-6 months. Oun'ng this time the 
implants are dinicady inspected and cleaned every 
week. At the end of this perkxi the experimental 
animals are sacrificed and the Implants with the 
surrounding tissues are used tor histotogical eKanni- 
natton dlgtit microscopy and transmlS8k>n electron 
mk^osccw). During the knplantation period un* 
di8turt)ed wound heaing was clinically observed 
with no «gn of inHammatkm or rrugfatk>n of the 
skki. It was histologicalty establshed thai the sub- 
cutaneous part of ttie implant was surrounded by a 
fibrous capsule, ingrowth of connective tissue and 
blood vessels had taken place in the poms of the 
titanium mesh slieet. No inHammetory cell reac- 
tions were observed (such as plasma cofis, macro- 
phages, teufcocytes). R turned out that no epkfermal 
ingrowth had taken place akmg the percutaneous 
parts of the Implant Nor were there any signs of an 
infianvnatton reaction around the percutaneous 
passageway. Electron mk:roscop>c Investigatkm 
shows that the actfteston of the epithelium to the 
implant surface Is very sim8ar to the adheston of 
gkigiva epittieltum to tooth surface. Hemidesmo- 
sonves were ot>aerved in the interface between 
epithelium and implant surface. 



Example 2 

One apptication of ttie invention is 
hemodialysis. For the purpose of this appOcation 

s the patient is to be provkSed with a devtoe which 
enables the dialyzer to be connected to ttie vascu- 
lar system of the patient Such a devk» (whteh ts 
didgrammatk;alfy represented kyy Figs. 2 and 4 ) 
may consist of a percutaneous implant according 

to to the Inventton (fispos^ in the patient's belly. For 
this applk:ation the 8td>cutaneou$ part 1 of the 
implant measures ^ cm. Centraly disposed In 
the subcutaneous part 1 Is the fastening member 3 
with a threaded round hole having a diameter of 

75 0.5-1 cm. The percutaneous part 10 of tt)e implant 
is made of titanhim and comprises an Shaped 
hotiow tube 30 whteh is pralerabty also made of 
titanium. The connection of ttw dialyzer 40 lakes 
pbce by means of titis holow tuba 

so It wll be dear to a skilled worker that It Is 
possible to Introduce amendments or adaptations 
bi tiie embodiments described, without departing 
from the Inventive concept w the scope of protec- 
tion. Thus, for instance, it is possible wtihin the 

38 scope of tiie kivention to apply a bayonet fastening 
InsbM of the screw fastening 4. or a combination 
of txsth. 

aahna 

30 

1. A percutaneous Impiaot. comprising a subcuta- 
neous part (1) and a percutaneous part (10), 
characterized m titat the subcutaneous part (1) 
comprises a part constating of an elastic fibre 

35 mesh sheet (2)l 

2. A percutaneous implant »xording to claim 1, 
characterized in ttial tiie fi>rB mesh sheet (2) ie 
made of akitered metallic fibre. 

40 

3L A percutaneous Implant aocordbtg to dakn 1 
or 2. characterized in that the porosity of the 
fibre mesh sheet (2) Is 70-90%. 

46 4. A percutaneous ln^)tant according to daim 2 
or 3, characterized in that the metal comprises 
titanium. 

& A percutaneous Implant according to any of 
50 claims 2 through 4. characterized ki that the 
metal comprises tiie titanium alloy TieAi4V. 

6l a percutaneous Implant aocordbig to any of 
ciakns 1 through 5, cfiaracterized In that the 
55 percutaneous Implant is provided witti a pas- 
sage (30). 
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7. A percutaneous implant according to any of 
dalms 1 through 6, characterized tyy a hohfing 
member (3) for fbdng the percutaneous part 
(10) relatively to the sut)Cut8neou8 part (1). 

& A percutaneoua frnplant according to daim 7, 
characterized In that the holding memt>er (3) 
comprises a screw thread (4). 

9. A device, apparently designed to function as a 
sutxnitaneous part (1) in a percutaneous bn- 
ptant according to any of dairvks 1 through a 

ia A device accordbig to daim 9. charaderized In 
Mt the fibre mesh sheet (2) Is provided with 
Ingrown tissue. 

PAtantanspfOdie 

1. Bn parfajtanes implantat, das aus einem sub- 
lojtanan Teil (t) und etnem perioitanen TeO 
(10) besteht, dadurch gekenrg el chngt, daB dar 
sublcutane Teil(l) aus einer elasfischen Netzfa- 
seriolie (2) besleht 

2. Bn pericutanes Implantat genuSS Anspnich 1» 
dadurch gekannzeidinel. daB cfie IMzfaserfo- 
le aus einer Si n tsnnet aM fasef bestelit 

a Bn perkutanes implanlat genndfi den Ansprtt- 
Chen 1 Oder 2, dadurch geicennzeichnet, dafi 
die Pordsitflt der Nelzfaserfolie (2) zwischen 
70 und 90 % fiegL 

4. Bn perlcutanes fafnplantat gemdS (ten AnsprQ- 
chen 2 Oder 3, dadurch gekemizdchnet. daB 
das Metal! aus Titan besleht 

a Bn pericutanes implantat an ts p^schand beOe- 
blg den Ansf^rUchen 2 bis 4, dadurch geloann- 
zeidinet, dafi daa Metan aus der Titanlegie- 
nmgl16AI4VbestBhL 

a Bn perkutanes Implantat entsprechend beTte- 
big den AnsprOchen 1 bis a dadurch getonn- 
zeichnet. dafl das pedoitane Implantat mit ei- 
nem Ourchgang (30) versehen isL 

7. Bn perkutanes Imptentat entsprechend beie- 
big den AnsprOchen 1 bis 6. dadurch gekenn- 
zetehnet daB eine Haltevorrtchbing (3) t)ereit- 
gestellt ist. die den Perkutanen Tell (10) relatfv 
zum subkutarten Teil (1) fiiclert 

a Bn perkutanes Implantat entsprechend An- 
spruch 7» dadurch geksnnzeichnet daB die 
Hattevonichtung ein Schraubgewinde enthSIt 



a Bn Gerfit, das anscheinend entworfen wurde. 
um die glek:he Funktk>n zu Qbemehmen, wie 
ein siibkutaner Teil (1) in einem perkutanen 
Implantat, entsprechend einem der AnsprOche 
6 1 bisa 

ia Bn Qer&t entsprechend dem An^)ruch 9* da- 
durch gekennzelchnet* daS die NetzfaserfoKe 
von Qewebe durchwachsen wird. 

10 

Revendlcationa 

1. Implant percutand, comprenant une partie 
sous-cutande (1) et une polie percutande (10). 
n caractdrlsd en ce que ia partie sous-cutante 
(1) comprend une partie constftude d'wie feuil- 
le de toila fibreuse 6lastk|ue (2). 

a Implant percutand sekNi la revendteation 1, 
30 caractdris^ en ce que la feuile de toite (ft>feu- 
se (2) est rdalsde en tferes m^talBques aggto- 
m^ries. 

a implant percutand sebn ia revendk;atfe>n 1 ou 
28 2. 

caracl6risd en ce que ia porosH^ de la feuille 
de tdle fibreuse (2) est de 70-90 %. 

4. implant percutan^ selon la ravendteation 2 ou 
so 3. 

caract^risd en ce que le mdtat comprend du 
tnana. 

a Implairt percutand seton rune quetoonque des 
ss revendtoations 2^4. 

oaract^rfe^ en ce que ta m4tal comprend fal- 
llagadetiianeTI6A14V. 

a Implant peicutand sehm I'une queteonque das 
40 revendteatkm 1 ii 5, 

caiactdrM en ce que llmplant percutand est 
muni dHin passage (30). 

7. Implant percutand seton Tune queloonque des 
45 revendicattons 1 ft 6, 

caractdrlsd par un organe de malnlien (3) pour 
fixer la partie percutan^e (1(9 par rapport & la 
partie sous*cutante (1). 

90 a Implant percutan^ sekm la revendicatkNi 7, 

caradtf ris6 en oe que Porgane de maintien (3) 
comprend un filetage (4). 

a Oispositif» manifestement congu pour fondion* 
55 ner comma partie soue^xitanto (1) dans un 
impiant percutand sekm rune quekxxtqua daa 
revendlcationa 1 ft a 
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ia Oi^xisitif seion la revendtcation 9. 

caract^risd en ce qua la fauilla da toila fibrau- 
aa (2) est rev§tue de tissu incam6. 



TO 



T6 



35 



60 



55 



6 



EP 0 367 3S4 B1 

BEST AVAILABLE COPY 





BEST AVAILABLE COPY 



1 /T* 




i q iiiiiiiiiiiiiBiiiiiiiiiiiiiiiiiiH iiiuiiiiiiiiiiuiiiiiiiiiiiiiiiiyyiai^ 



EP0367 3S4B1 



BEST AVAILABLE COPY 




